Background-Catheter ablation is an important therapeutic option in postmyocardial infarction patients with ventricular tachycardia (VT). We analyzed the endo-epicardial electroanatomical mapping (EAM) voltage and morphology characteristics, their association with clinical data and their prognostic value in a large cohort of postmyocardial infarction patients. Methods and Results-We performed total and segmental analysis of voltage (bipolar dense scar [DS] and low voltage areas, unipolar low voltage and penumbra areas) and morphology characteristics (presence of abnormal late potentials [LPs] and early potentials [EPs]) in 100 postmyocardial infarction patients undergoing electroanatomical mapping-based VT ablation (26 endo-epicardial procedures) from 2010-2012. All patients had unipolar low voltage areas, whereas 18% had no identifiable endocardial bipolar DS areas. Endocardial bipolar DS area >22.5 cm 2 best predicted scar transmurality. Endo-epicardial LPs were recorded in 2/3 patients, more frequently in nonseptal myocardial segments and were abolished in 51%. Endocardial bipolar DS area >7 cm 2 and endocardial bipolar scar density >0.35 predicted epicardial LPs. Isolated LPs are located mainly epicardially and EPs endocardially. As a primary strategy, LPs and VT-mapping ablation occurred in 48%, only VT-mapping ablation in 27%, only LPs ablation in 17%, and EPs ablation in 6%. Endocardial LP abolition was associated with reduced VT recurrence and increased unipolar penumbra area predicted cardiac death.
I mplantable cardioverter defibrillator therapy can prevent sudden cardiac death because of sustained ventricular tachycardia (VT) late after myocardial infarction (MI). 1 However, patients experiencing implantable cardioverter defibrillator shocks have a decreased quality of life and increased mortality compared with patients without shocks. 2, 3 Catheter ablation is an important therapeutic option in patients with VT late after MI. 4, 5 The majority of inducible VTs in these patients are unmappable. 6 A variety of alternative substrate-based methods have evolved to overcome the shortcomings of activation and entrainment mapping. [6] [7] [8] [9] [10] [11] [12] Substrate ablation during sinus rhythm consists of late potential (LP) abolition, elimination of local abnormal ventricular activities (LAVAs), conduction channel ablation, linear isthmus ablation, electric isolation of low voltage area, and scar homogenization, all identified by electroanatomical mapping (EAM). [6] [7] [8] [9] [10] [11] [12] The purpose of this study was to analyze the endo-epicardial EAM voltage and morphology characteristics to describe the appropriateness of each substrate ablation strategy, the interrelationship of EAM characteristics, their association with clinical data, and their prognostic value in a large cohort of post-MI patients undergoing EAM-based catheter ablation for VT.
VT Ablation Set-Up
Details about the status of coronary artery disease and presence of comorbidities were recorded in all patients. The diagnosis and location of MI were established by the history, pathological Q waves on ECG, regional wall-motion abnormalities, or perfusion defects on imaging that correlated with coronary angiography (>70% stenosis of an epicardial coronary artery).
Arrhythmia presentation was classified as either electrical storm, incessant, or paroxysmal VT as previously described. 13 Amiodarone was stopped 48 hours before the procedure. Procedures were performed under general anesthesia. Subxiphoid epicardial access was undertaken after a prior failed endocardial procedure if an epicardial circuit was suspected (n=16) or as protocol-guided first-line approach (n=10). In the latter cases, no clinical data or a prior failed procedure indicated the need for epicardial procedure. Double left ventricular (LV) access (retrograde aortic and transseptal) was standard. The transseptal sheath was left heparinized in the left atrium when not used.
Electroanatomical Mapping

Voltage Analysis
High-density substrate mapping with a 5-mm fill threshold in low bipolar voltage areas (LVA) and 10 mm elsewhere was performed using the Carto 3 workstation and a 3.5-mm open irrigated catheter with contact force assessment since available (Navistar Thermocool, Biosense-Webster, Diamond Bar, CA). In patients with ventricular pacing, EAM was performed during spontaneous rhythm, if feasible. LV endo and epicardial bipolar dense scar (DS) was defined as an area with a bipolar voltage ≤0.5 mV and areas with a bipolar voltage >0.5 and <1.5 mV were defined as bipolar border zone (Figure 1 ). Endo and epicardial unipolar scar were areas with a unipolar voltage <8 mV. 14 Area measurements were achieved using the area measurement tool. Endo and epicardial bipolar scar density was defined as the ratio of the bipolar DS area to total LVA, an index assumed to reflect the density of the myocardial fibrosis within the infarct region. Matching DS identified on the endocardium and epicardium was presumed to be transmural scar. We defined as unipolar penumbra area the unipolar scar beyond the bipolar LVA. 15 Further offline analyses were undertaken after segmenting the LV endocardial shell into 17 segments and the LV epicardial shell into 12 segments using the design line tool. 16 Each segment was considered to be analyzable only if fill threshold criteria were met and the predominant bipolar and unipolar voltage type was noted.
Electrogram Analysis
A color-coded map of sinus rhythm activation delay was drawn on the same anatomic shell by manual tagging the latest activity of all electrograms (LPs map). The definition of LPs included either continuous fragmented activity bridging from the main component within the QRS to the latest signal recorded outside the QRS, without a definite voltage cutoff (fractionated LPs), or isolated potentials recorded after the QRS offset (isolated LPs). Baseline LPs maps were used to define the localization and size of LP areas and were compared with remaps created post ablation ( Figure 1 ).
Early potentials (EPs) were defined as fractionated (EGM containing >4 sharp deflections) or isolated (≥2 sharp EGMs separated by an isolelectric segment) within the QRS; pacing was systematically attempted at these sites looking for morphology match with any induced VT and for latency between the stimulus and the QRS (>40 ms). Pacing was undertaken at just above the capture threshold aiming for near-field capture only. The predominant electrogram (EGM) type was also noted for each segment. LP abolition was a primary target in all patients and ablation of selected EPs secondary or adjunctive.
VT Ablation Strategy
After high-density substrate mapping, programmed ventricular stimulation with ≤4 extrastimuli from the right ventricular apex and multiple LV sites was performed and repeated at the end of the procedure. By study design, we aimed to achieve the combined procedural end point of VT noninducibility and LP abolition in all cases. Our VT ablation strategy is outlined:
1. In patients with tolerated VT, VT was ablated using activation and entrainment mapping. Ablation continued in sinus rhythm aiming at complete abolition of LPs when present or EPs when indicated. 2. In patients with noninducible or hemodynamically nontolerated VT, ablation was performed during sinus rhythm, targeting LP areas when present and EPs when indicated.
For each segment, the reason for ablation was also recorded including 1 or more of the following: VT mapping, LPs, and EPs.
Follow-Up
In patients with a successful ablation, prior amiodarone was not reinstituted and β-blocker therapy maintained. VTs were mostly recorded through home-monitoring while outpatient follow-up visits were scheduled at 3 months and then 6-monthly intervals or whenever symptoms recurred. Primary study end-points were VT recurrence and occurrence of cardiac death.
WHAT IS KNOWN
• For ventricular tachycardia because of prior myocardial infarction, substrate ablation targets detected during sinus rhythm may include late and early potentials, conduction channels.
• The relation of these markers to areas with low bipolar and unipolar voltage representing scars is not completely characterized.
WHAT THE STUDY ADDS
• Late potentials are present in two-thirds of patients associated with large and more confluent appearing low voltage regions and are most frequently located in nonseptal myocardial segments.
• Endocardial scar characteristics predict also the existence of potential arrhythmogenic substrate in the epicardium.
• Abolition of late potentials is feasible in half of patients is associated with fewer recurrences rate and we suggest is the most appropriate substrate ablation strategy in post-myocardial infarction patients. 
Statistical Analysis
We analyzed EAM voltage and EGM characteristics separately in the endocardium and in the epicardium, focusing on the predictors of epicardial presence of DS and LPs by constructing receiver operating characteristic curves. We also related clinical and EAM characteristics in patients with LPs compared with those without LPs (even according to infarct site) and we conducted segmental voltage and EGM analysis aiming to detect differences in the endocardium compared with the epicardium and furthermore dividing the LV shell into anterior, septal, and inferolateral parts. Continuous variables were presented as either means (±SD) or medians (with Q1-Q3) and categorical variables as numbers and percentages. Comparisons between groups were undertaken using the t test or nonparametric tests for continuous variables and Fisher's exact or χ 2 tests for proportions as indicated.
Analysis of ablation characteristics along with the above findings may help assessing the appropriateness of different substrate ablation strategies. Cox proportional hazards analyses were used to assess the prognostic role only of endocardial EAM characteristics building clinical rather than statistical models. Differences were considered statistically significant at the 2-sided P<0.05 level. All statistical analyses were performed using the SPSS version 15.0 statistical software (SPSS Inc, Texas, IL).
Results
No difference was observed in any of the background characteristics between the enrolled (n=100) and excluded (n=60) patients ( Table I in 
Scar Analysis
The mean endocardial surface area was 236.1±58 cm 2 . Of that, 10.2% was bipolar DS, 21.8% was bipolar LVA, and 46.7% was unipolar scar. Endocardial penumbra was present in all but 1 patient, and mean area was 51.6 cm 2 (24.9%). Although unipolar scar was present in all cases, 18% of the post-MI patients had no evidence of endocardial bipolar DS. In 14 of these, bipolar LVA was recorded and endocardial LPs were present in 5. All these 18 patients had a history of MI (9 anterior and 9 inferolateral), regional wall motion abnormalities (mean LVEF=37%), and established coronary artery disease (8 had 3-vessel and 7 had 2-vessel disease), whereas 13 of them were revascularized (5 with CABG and 8 with PCI).
Among the 26 patients with available epicardial maps, 8 had no bipolar DS and 4 neither LVA nor DS. Epicardial penumbra was absent in 5/26 patients. Based on receiver operating characteristic curve analyses, endocardial bipolar DS area was the only predictor of the epicardial presence of bipolar DS (area under the curve, 0.75; confidence intervals, 0.56-0.95; P=0.040) with an optimal value of 22.5 cm 2 (sensitivity, 61.1% and specificity, 87.5%). Endocardial penumbra area had no predictive value for the epicardial presence of either DS or LVA.
Segmental Scar Analysis
Within the study population, 1597 of 1700 endocardial segments fulfilled fill threshold criteria and were included in the EGM analysis. DS was the predominant bipolar voltage type in 14.3% of the segments and border zone in 20%. Unipolar scar was present in 60.1%. In all bipolar DS segments, there was also unipolar scar. In contrast, in 23.9% of unipolar scar segments, there was underlying predominant bipolar DS, in 32.3% bipolar border zone, and in 43.8% endocardial penumbra (normal bipolar amplitude).
Presence of LPs
Endocardial LPs were recorded in 66% (n=66) of the patients and epicardially in 17/26 (65.4%). Prevalence of epicardial LPs was not different between research protocol patients and those with a prior failed procedure as the indication for epicardial mapping (80% versus 56%; P=0.21). Abolition of endocardial LPs was achieved in 51/66 (77.3%) and of epicardial LPs in 10/17 (58.8%) patients. We identified 3 patients in whom LPs were abolished endocardially and persisted epicardially. Of them, 1 remained inducible at the end of the procedure.
Patients with endocardial LPs had greater endocardial bipolar DS (P<0.001), bipolar LVA (P=0.001), and ablation area (P=0.029), as well as increased endocardial bipolar scar density (P<0.001), compared with those without LPs (Table 1) . Similarly, patients with epicardial LPs compared with those without exhibited increased endocardial bipolar DS area (P<0.001) and bipolar scar density (P=0.006), as well as epicardial bipolar DS (P=0.008), bipolar LVA (P=0.011), unipolar scar areas (P=0.001), and bipolar scar density (P=0.034), despite the decreased power to detect a difference based on the small number of patients in each group ( Table 2 ; Table II in the Data Supplement). Accordingly, there was no difference in either endocardial or epicardial penumbra areas according to the presence of endocardial or epicardials LPs.
Based on receiver operating characteristic curve analyses, endocardial bipolar DS area (area under the curve, 0.80; confidence intervals 0.63-0.98; P=0.011) and endocardial bipolar scar density (area under the curve, 0.82; confidence intervals, 0.65-0.98; P=0.008) predicted the epicardial presence of LPs with optimal values of 7 cm 2 (sensitivity, 88.2% and specificity, 66.7%) and 0.35 (sensitivity, 52.9% and specificity, 100%), respectively. Notable, a value of endocardial bipolar DS area >38 cm 2 had 100% specificity ( Figure 2 ). Endocardial penumbra did not predict the epicardial presence of LPs.
Segmental EGM Analysis
LPs were predominantly present in 10% of the 1597 endocardial segments (in 5.2% fractionated LPs and in 4.8% isolated LPs), EPs in 22.1% (in 19.3% fractionated EPs and in 2.8% isolated EPs), and normal EGMs in 66.8% of the segments (no EGM type was identified in 1.1% of the segments because of diffuse DS). Unipolar scar was present in all segments with color is dense scar; purple is normal; and the yellow-green area is low voltage). A large endocardial dense scar predicts the presence of epicardial dense scar and areas of late potentials epicardially (C and D) and endocardially (E and F). In C-F, red color is within QRS electrogram and purple is late potential. Isolated late potentials are more often found in the epicardium (D) and fractionated late potentials in the endocardium (F). The remap (G-J) verifies successful late potentials abolition epicardially (H) and endocardially (J).
LPs. Underlying bipolar DS was present in 60% of segments with LPs, border zone in 33.8%, and endocardial penumbra in 6.2% (normal bipolar amplitude). In 98.3% of segments with EPs, there was underlying unipolar scar. Bipolar DS was present in 32.3% of segments with EPs and border zone in 67.7%.
LPs were also predominantly present in 12.3% of the epicardial segments (in 2.2% fractionated LPs and in 10.1% isolated LPs), EPs in 13.5% (in 9.4% fractionated EPs and in 4.1% isolated EPs), normal EGMs in 71.9%, and diffuse DS in 2.2%. Importantly, among the 12.3% of epicardial segments with LPs, isolated LPs were found in 10.1% (82.1%), whereas this percent was 48% with respect to the epicardium. Focusing on the distribution of LPs in the 17-segment shell, we exhibited a significant shift toward the inferolateral segments taking into account the whole study population (Figure 3 ).
Analysis According to Infarct Site
Patients with anterior infarcts (n=36) compared with those with inferolateral infarcts (n=64) were younger (−3.8 years, P=0.021), had lower LVEF (−3.9%, P=0.049), a greater prevalence of LV aneurysm (+28%, P<0.001) and exhibited increased total endocardial surface area (P=0.012), endocardial LV volume (P=0.001), and unipolar scar (P<0.001; Table 3 ). Patients with anterior compared with those with inferolateral MIs had no difference in the proportion of segments with bipolar DS (14.5% versus 14.2%; P=0.8) and segments with LPs (8.7% versus 10.9%; P=0.07).
LV segments' analysis was also performed after dividing LV shell into anterior (4/17), septal (5/17), and inferolateral (8/17) segments. DS was present in 26.8% of the anterior segments, in 16% of the septal, and in 7.4% of the inferolateral segments in patients with anterior MIs. Accordingly, LPs were present in 20.7% of the anterior segments, in 5% of the septal (5%), and in 4.9% of the inferolateral. Regarding patients with inferolateral MIs, DS was found in 22.5% of the inferolateral, in 9.3% of the septal, and in 2.9% of the anterior segments. Likewise, LPs were present in 19.3% of the inferolateral, in 4.9% of the septal (4.9%), and in 0.8% of the anterior (Figure 4 ).
Ablation Characteristics
At baseline monomorphic VT was induced during PVS in 61 patients, during creation of the substrate map in 14 patients, whereas 11 had baseline incessant VT. The median number of VTs in each procedure was 2 and at least 1 nontolerated VT was present in 38 patients.
Ablation was performed during activation mapping in 75% of the patients. This includes also limited mapping of nontolerated VTs when the ablation catheter was placed in the area of latest activity during sinus rhythm, showing mid-diastolic potential during VT. LPs were targeted in all patients with areas of LPs (2/3 of the study population). EPs were targeted in 23% of the patients whenever there was latency (stimulus to QRS >40ms) or morphology matched with induced VTs during pacemapping maneuvers. Focusing on the primary ablation strategy, 48% of the patients underwent both ablation of LPs and VT mapping, and 27% underwent only VT mapping in the absence of LPs. In 17% of the study population, no VT mapping was available and ablation of LPs constituted the principal ablation strategy. Ablation of EPs was the basic strategy in 6% of the post-MI patients with absence of VT mapping and LPs.
VT Recurrence
No patients were lost to follow-up with a median follow-up time of 628 (404-902) days. Thirty-two (32%) had a VT recurrence during the follow-up period with a median recurrence time of 73 (14-217) days. Focusing on the prognostic value only of EAM characteristics, endocardial LP presence (hazard ratio [HR], 0.398; P=0.009) and LP abolition (HR, 0.260; P=0.001) were associated with reduced VT recurrence. In the multivariate analysis with the above 2 EAM characteristics as the sole selected variables, LP abolition was the only predictor of reduced VT recurrence (HR, 0.274; P=0.010).
Cardiac Death
Five patients died from noncardiac and 7 (7%) from cardiac causes during the study period (6 because of cardiac decompensation and 1 sudden death). Among EAM characteristics, endocardial LP presence (HR, 0.204; P=0.047), endocardial penumbra area (HR, 1.018; P=0.001), and unipolar scar (HR=1.013, P=0.034) were related with cardiac death. In the multivariate analysis with the above 3 EAM characteristics as the sole selected variables, endocardial LP presence (HR, 0.177; P=0.041) acted as a prophylactic predictor, whereas increased endocardial penumbra area (HR, 1.028; P=0.044) as an adverse predictor of cardiac death.
Discussion
In this study, we analyzed the EAM voltage and morphology characteristics in post-MI patients undergoing catheter ablation for VT focusing on the identification and ablation of LPs as a principal procedural end point. We concluded that LPs are present in two thirds of post-MI patients with larger and more solid scars, and they are most frequently located in nonseptal myocardial segments. The above endocardial EAM features predict also the existence of a potential arrhythmogenic substrate in the epicardium. Abolition of LPs is feasible in half cases and is associated with lower VT recurrence rate.
Evolution of Substrate-Based Ablation Strategies
Inherent limitations of VT inducibility as an ablation target, such as effects of antiarrhythmic/sedation/general anesthetic therapy, stimulation protocol pacing site dependence, and inconsistent clinical/nonclinical VT/VF induction stressed out the need for systematic studies of the substrate. 9, 17 Based on the surgical experience, early attempts targeted scar border zone creating linear ablation lines through the DS until reaching the normal myocardium or valve continuity. 6 Further research focused on identification of critical VT isthmuses and conducting channels between unexcitable scar areas. 7, 8 More recent substrate ablation strategies focused on EGM characteristics beyond scar identification. In this setting, we have consistently presented that complete LPs abolition based on remapping, in combination with VT noninducibility, constitutes an excellent procedural end-point. 9, 17 Likewise, the elimination of LAVAs, defined by us as LPs and EPs, has also been associated with a better outcome. 10 These approaches require the ablation of all substrates, not only the substrate acting as a VT isthmus at the moment of the procedure. Toward this direction, the more aggressive in terms of the ablation and less electrophysiologically oriented endo-epicardial scar homogenization technique has provided promising results. 11 However, there have been attempts to minimize the required ablation lesions either by targeting the abnormal EGMs with the shortest delay between the far-field component and the delayed local component (eliminating neighboring and remote areas of slow conduction) or by electric isolation of the scar area (<1.5 mV) by means of linear ablations encircling the scar. [18] [19] [20] 
Scar Characteristics in Post-MI Patients
In this study, we used the gold standards of EAM cutoff values derived from studies that validated EAM data according to late-enhanced scar in MRI. 21, 22 Surprisingly, we identified a significant, previously not recognized, proportion of patients without evident endocardial bipolar DS, despite fulfilling the Figure 2 . Based on receiver operating characteristic curve analyses, endocardial bipolar dense scar (DS) area predicted the epicardial presence of both DS and late potentials (LPs) with optimal values of 22.5 cm 2 (sensitivity, 61.1% and specificity, 87.5%) and 7 cm 2 (sensitivity, 88.2% and specificity, 66.7%), respectively. Figure 3 . Dense scar was the predominant bipolar voltage type in 14.3% and late potentials (LPs) in 10% of the endocardial segments. In the 17-segment shell, dense scar is distributed more often in the inferoseptal and inferolateral segments, whereas a shift in the distribution of LPs is observed in the inferolateral segments.
diagnostic criteria of ischemic cardiomyopathy. Indeed, MRI scar areas have been exhibited to be larger in one third of post-MI patients, and visual analysis has showed a clear mismatch between EAM bipolar and MRI scar areas. 23 Beyond the under-recognition of EAM scar, absence of DS could be attributed to the underlying presence of either hibernated myocardium, early reperfused myocardium, remarkable collateral circulation, or the presence of concomitant cardiomyopathy. 24 LPs were found in only 6 of 18 patients with absent bipolar DS and EPs in additional 3 patients, limiting significantly the ablation targets in sinus rhythm.
Of utmost importance, we show that the size of endocardial bipolar DS area is the best predictor of epicardial bipolar DS. Specifically, scar transmurality should be suspected when DS area exceeds 10% area of endocardial surface area, in accordance with MRI measurements of late-enhanced scar (8%). 23 
EGM Characteristics in Post-MI Patients
Specific areas of LPs are recognized in two third of post-MI patients and complete LP abolition is accomplished in half of the total post-MI population at least endocardially. LPs are expected to be found in post-MI patients with larger and more solid scars based on the increased endocardial bipolar scar density. Such areas of transmural scar, as assessed by echo or computed tomography, have been correlated to areas of LAVAs in post-MI patients. 25 In our study, scar transmurality and density predict reliably the presence of epicardial LPs, indicating the possible requirement for a more complex procedure. The fact that we recognized epicardial LPs as often in research protocol patients as in those with a previous failed endocardial procedure enhances even more the significance of these findings. Based on segmental analysis, two third of LPs are found over segments with DS, whereas only 7% of them in normal myocardium and above unipolar scar (penumbra). However, two third of EPs are located in the border zone and the remaining one third in DS region. We also exhibited a more frequent localization of LPs in nonseptal segments of the endocardial shell (anterior segments in anterior MIs and inferolateral segments in inferolateral MIs), possibly attributed to the latency of normal activation in the lateral wall, as well as to the greater proportion of transmural scar in these segments. 26 We also identified that 80% of LPs in the epicardium are isolated LPs, whereas isolated and fractionated LPs are evenly distributed in the endocardium. Recent findings identified isolated LPs in sites of heterogeneous islets within DS. 27 EPs are found mainly in the endocardium reflecting a possible bridge along channels leading to latest activity and their lower prevalence at epicardial sites might indicate their intramyocardial distribution. Subsequently epicardial isolated LPs could just reflect the resulting conduction pattern. From a pathophysiologic point of view, surviving cells surrounded by fibrosis in areas of inhomogeneous scars are poorly coupled to the rest of the myocardium and constitute the substrate of LPs and EPs. It has recently been exhibited that the presence of LPs rather than EPs increases the specificity for identifying the clinical VT isthmus. 28
Appropriateness of Each Ablation Strategy in Post-MI Patients
VT and LPs ablation was the principal ablation strategy in 48%, VT mapping alone in 27%, LPs ablation alone in 17%, and ablation of EPs was the basic strategy in only 6% of the post-MI patients, despite the fact that EPs were recognized in a significantly larger LV area (22.1% versus 10% of endocardial segments) compared with LPs. Although not all areas of LPs contain critical isthmuses for VT maintenance, LPs and selected EPs as defined in the present study provide an ideal substrate for VT ablation because such abnormal EGMs are found more frequently in post-MI patients with spontaneous VT compared with those without arrhythmias. 29 One may hypothesize that these sites of slow conduction, that are initially incapable of supporting VT, will form critical isthmuses in the future, representing the necessary if not sufficient arrhythmogenic substrate for re-entrant VT.
Of course, this generalized approach toward VT ablation extends the required ablation zone more than specific critical isthmus and channels ablation but less than complete LAVAs elimination and endo-epi scar homogenization. Based on the fact that our mean LVA area was >50cm2 (22% of total endocardium), achievement of scar homogenization, beyond its subjective interpretation, necessitates an extended damage in the myocardium, compared with the half of ablated area observed in our study. Targeting only the entrance of conducting channels, that is, the earliest of LPs or encircling and electrically isolating the scar are attractive alternatives, since they minimize the required ablation lesions, but their value has to be proven in larger populations. [18] [19] [20] Moreover, electric scar isolation is unlikely to be universally feasible with current ablation technology.
We consider that LPs abolition should constitute the primary target for substrate ablation because LPs abolition is a clear end-point amenable to objective evaluation and LPs are more closely related to clinical VT isthmuses. 28 Notably, LPs ablation adds to most cases of VT mapping and constitutes the only option in one quarter of post-MI patients. In contrast, LAVAs elimination is liable to a more subjective interpretation as with current EAM systems it is impossible to provide a complete annotation of presence and distribution of LAVAs before and after ablation.
EPs elimination should adjunctively be performed after a definite electrophysiological proof of their involvement in the VT circuit, in patients without LPs (especially those with septal scars) and in cases of persistent VT inducibility after LPs abolition. The development of an improved multipolar recording technology that can identify slow conduction entrances into the scar and allow observing dynamic changes in the slow conducting channels during ablation could allow reliable and prompt EP characterization and subsequent documentation of their disappearance post ablation.
Prognostic Value of EAM Characteristics
DS extension, with a cutoff value of 25 cm 2 , has been proven to be a potent predictor of VT recurrences in post-MI patients. 8 Such an association was not observed in our study population, where LP abolition was associated with reduced VT recurrence. Last but not least, we had the opportunity to assess for the first time the prognostic value of EAM characteristics for cardiac death. Specifically, an increased unipolar scar exceeding bipolar LVA (penumbra) reflects diffuse disorganized myocyte loss and is associated with increased mortality, whereas endocardial LP presence improves prognosis possibly through a successful VT ablation procedure.
Limitations
This is a single-center prospective analysis of our current ablation strategy not a randomized controlled trial assessing one strategy versus another. Moreover, epicardial maps were less than the endocardial maps and by virtue of this sampling error, there could be a systematic selection bias in the results and a decreased power in the specific analysis. In addition, we have not used a competing risks model for VT recurrence and we acknowledge that there may be confounding variables because we have not performed a statistical model building. The prospective data collection in consecutive patients and the large sample size of patients with detailed EAM analysis constitute the strengths of this study.
Conclusions
Although DS is not always identified in post-MI patients, its endocardial extension and density predict not only scar transmurality but also the presence of LPs either in the endocardium or in the epicardium. Endocardial LPs, more often present in nonseptal segments and their abolition predicted VT recurrence predominantly in patients with inferolateral MIs, while the size of unipolar penumbra area was associated with cardiac mortality.
